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DESCRIPTION 

COMPONENT WITH COUNTERMEASURE TO STATIC ELECTRICITY 

[TECHNICAL FIELD] 

The present invention relates to a static electricity 
countermeasure component used in various electronic apparatus . 
[BACKGROUND ART] 

In recent years , small-sized formation and high function 
formation of an electronic apparatus such as a portable telephone 
are progressed rapidly , and in accordance therewith , the circuit 
of such electronic apparatus is constituted in a high density 
and withstand voltage thereof is reduced. Therefore, 
destruction of an electric circuit provided inside of an 
apparatus by an electrostatic pulse generated when the human 
body and a terminal of the electronic apparatus are brought 
into contact with each other is increased. As a countermeasure 
against such an electrostatic pulse, there is carried out a 
method of restraining a voltage applied to the electric circuit 
of the electronic apparatus bypassing static electricity by 
providing a multilayer chip varistor between a line through 
which static electricity is inputted and the ground . An example 
of a multilayer chip varistor used in a countermeasure against 
the electrostatic pulse is disclosed in Japanese Patent 
Unexcmiined Publication NO.H08-31616 . 

A static electricity countermeasure component 
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(hereinafter, referred to as component) of a background art 
will be explained in reference to Fig. 9 as follows. Fig. 9 
is a sectional view of a multilayer chip varistor (hereinafter, 
referred to as MLCV) . MLCV includes varistor layer 2 having 
inner electrode 1 and terminal 3 connected to inner electrode 
1 at an end face of varistor layer 2 . Protecting layers 4 are 
provided at upper and lower faces of varistor layer 2 . 

According to MLCV of the background art , crack or chipping 
is liable to be brought about unless a thickness to some degree 
is ensured in order to satisfy a physical strength of varistor 
layer 2. As a result, a problem that thin-sized formation of 
MLCV is difficult is posed. For example, in a case of MLCV 
having a length of about 1.25mm, a width of about 2.0mm, a 
thickness equal to or larger than about 0.5mm is needed. VHien 
the thickness is thinned further, the length and the width need 
to be reduced. Therefore , it is difficult to achieve thin- sized 
formation while maintaining a varistor characteristic against 
a small surge voltage. 
[SUMMARY OF THE INVENTION] 

A multilayer chip varistor of the invention includes a 
varistor layer, and a board laminated with the varistor layer, 
the varistor layer is formed by a material including at least 
bismuth oxide, and the varistor layer and the board are sintered 
to thereby diffuse bismuth oxide to the board and provide a 
bismuth oxide diffusing layer on the board. Thereby, the 
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varistor layer Is laminated on the board and 'therefore, even 
when a mechanical strength of the varistor layer Is small, since 
amechanlcal strength of the board Is added, thin- sized formation 
can be achieved . 

Particularly, by simply laminating the varistor layer 
on the board, exfoliation of the varistor layer and the board 
Is liable to be brought about. According to the multilayer 
chip varistor of the Invention, the varistor layer Is formed 
by the material at least Including bismuth oxide, and bismuth 
oxide Is diffused to the board by sintering the varistor layer 
and the board. On the other hand, since the board Is provided 
with the bismuth oxide diffusing layer, the varistor layer and 
the board constitute an Integral substance and exfoliation at 
an Interface portion of the varistor layer and the board can 
be prevented. As a result, the static electricity 
countermeasure component achieving thin -sized formation while, 
maintaining a varistor characteristic against a small surge 
voltage can be provided. 
[BRIEF DESCRIPTION OF DRAWINGS] 

Fig. 1 Is a sectional view of a static electricity 
countermeasure component (component) according to an 
embodiment of the Invention. 

Fig. 2 Is a exploded perspective view of the component 
shown In Fig . 1 . 

Fig. 3 Is a perspective view of the component shown In 
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Fig. 1. 

Fig. 4 is an enlarged schematic view of a board showing 
a state of bismuth oxide diffused in the board. 

Fig. 5 is a sectional view of the component shown in Fig. 
1 before sintering a varistor layer and the board. 

Fig. 6A is an analysis graph showing a constituent 
composition of the component shown in Fig. 1 

Fig. 6B is an analysis graph showing a constituent 
composition of the component shown in Fig. 1. 

Fig. 7 is a sectional view of a component according to 
other embodiment . 

Fig. 8 is a sectional view of the component shown in Fig. 
7 before sintering a varistor layer and a board. 

Fig. 9 is a sectional view of MLCV which is a component 
of a background art . 
[REFERENCE MARKS IN THE DRAWINGS] 
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20 alumina board 

21 glass diffusing layer 

[DETAILED DESCRIPTION OF PREFERRED EMBODIMENT] 

An embodiment as an example of the Invention will be 
explained In reference to the drawings. Further, the drawings 
are schematic views and do not show respective positional 
relationships dlmenslonally correctly. Further, the 

Invention Is not limited to the embodiment. 
( Embodiment ) 

In Fig. 1-Flg. 3, a component according to the embodiment 
Includes var Is tor layer 12 having a plurality of Inner electrodes 
11 of a planer shape embedded therein , board 13 Including alumina 
laminated with var Is tor layer 12 , terminal 14 connected to Inner 
electrode 11 of varlstor layer 12 and formed at a side .face 
of varlstor layer 12 . 

Varlstor layer 12 Is formed by laminating and sintering 
a plurality of unslntered green sheets 15 which Include a powder 
of a varlstor material constituted of zinc oxide as a major 
component and at least bismuth oxide as an additive. 
Particularly, a mean particle diameter of the powder of the 
varlstor material Is constituted to be 0.5-2.0|jm and a mean 
particle dlcuneter of a powder of bismuth oxide Is constituted 
to be equal to or smaller than LOfim. When green sheets 15 
are laminated by being coated with an electrically conductive 
paste Including silver or the like In a planer shape. Inner 
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electrode 11 can be embedded in varistor layer 12. Further, 
by sintering varistor layer 12 and board 13 to diffuse bismuth 
oxide of varistor layer 12 in board 13 r bismuth oxide diffusing 
layer 16 is formed at board 13. Sintering of unsintered green 
sheets 15 including the powder of the varistor material to form 
varistor layer 12 and sintering of varistor layer 12 and board 
13 are carried out simultaneously. At this occasion, as shown 
by Fig . 4 , bismuth oxide is diffused in board 13 such that bismuth 
oxide particle 17 is interposed at an interface of alumina 
particles included in board 13. When board 13 is constituted 
by a low temperature sintered cereunic board (which is formed 
by sintering unsintered ceramic sheet capable of being sintered 
at low temperatures), varistor layer 12 and board 13 can be 
sintered by laminating unsintered green sheet 15 including the 
powder of the varistor material onto the unsintered ceramic 
sheet capable of being sintered at low temperatures and 
simultaneously sintering these at a sintering temperature lower 
than a general temperature . In this way, even by using a material 
such as silver or the like as inner electrode 11, an adverse 
influence owing to heat is not seen on inner electrode 11. 

Further, as shown by Fig. 5, adhesive layer 18 is provided 
between varistor layer 12 and board 13 before sintering varistor 
layer 12 and board 13 . In sintering varistor layer 12 and board 
13, bismuth oxide is diffused in board 13 by way of adhesive 
layer 18. After sintered, adhesive layer 18 becomes any of 
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the following three. First, adhesive layer 18 is completely 
vanished, second, a portion of a component thereof remains as 
adhesive layer 18, and third, a portion of the component is 
diffused in varistor layer 12 or board 13. 

Fig. 6A and Fig. 6B show a result of analysis by XMA with 
regard to a constituent composition at a vicinity of the 
interface of varistor layer 12 and board 13. The abscissa 
designates a wavelength (that is, corresponding to energy), 
the ordinate designates an intensity, respectively. A kind 
of an element is known from the wavelength, and a content of 
an element is known from the intensity . As shown by the diagreuns , 
varistor layer 12 includes zinc oxide which is the major 
component and bismuth oxide which is the additive, and bismuth 
oxide is diffused in board 13 to form bismuth oxide diffusing 
layer 16 at a portion having a large content thereof. Here, 
the main component signifies zinc oxide equal to or larger than 
80wt% and the additive signifies less than 20wt%, the both 
constituting a composition of 100% in combination. Further, 
it is preferable that an amount of bismuth oxide in the additive 
falls in a range of 50wt% through 80wt%. As an example of an 
additive other than bismuth oxide , cobalt oxide , antimony oxide , 
glass or the like is pointed out. Further, as a glass, 
borosilicate glass or the like is used. 

By the above -described constitution, varistor layer 12 
is laminated on board 13 and therefore, even when a mechanical 
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strength of var±stor layer 12 is small, a mechanical strength 
of board 13 is added and therefore, thin-sized formation can 
be achieved. Particularly, board 13 is constituted by alumina 
board 20 including alumina and therefore, alumina board 20 has 
stronger mechanical strength than varistor layer 12. As a 
result, even when varistor layer 12 is made to be very thin 
and also board 13 per se is made to be very thin , crack or chipping 
can be restrained from being brought about at varistor layer 
12 and thin- sized formation can further be achieved. 

By only laminating varistor layer 12 on board 13 , varistor 
layer 12 and board 13 are liable to be exfoliated from each 
other . According to the embodiment , varistor layer 12 is formed 
by the material including at least bismuth oxide, oxide bismuth 
is diffused in board 13 by sintering varistor layer 12 and board 
13, and bismuth oxide diffusing layer 16 is provided at board 
13. In this way, varistor layer 12 and board 13 become an 
integral substance, and therefore, exfoliation at an interface 
portion of varistor layer 12 and board 13 can be prevented. 

Particularly, adhesive layer 18 is provided between 
varistor layer 12 and board 13, and bismuth oxide is diffused 
in board 13 by way of adhesive layer 18. As a result, when 
bismuth oxide is diffused from varistor layer 12 to board 13, 
bismuth oxide is diffused in a state that exfoliation of varistor 
layer 12 and board 13 is restrained and therefore, bismuth oxide 
is easy to be diffused and exfoliation of varistor layer 12 
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and board 13 can be restrained by precisely forming bismuth 
oxide layer 16 at board 13. 

It is preferable that the mean particle diameter of the 
powder of the varistor material falls in a range of 0 . 5\xm through 
2 .0(1111. When the mean particle diameter is less than 0.5|xm, 
there occurs a problem that unsintered green sheet 15 including 
the powder of the varistor material cannot be formed while when 
the mean particle diameter conversely exceeds 2.0|Jim, there 
occurs a problem that green sheet 15 cannot be sintered. It 
is particularly preferable to constitute the mean particle 
dicuneter of the powder of bismuth oxide to be equal to or smaller 
than l.O^im. In this way, the varistor material is made to be 
easy to be diffused to board 13 and exfoliation of varistor 
layer 12 and board 13 can further be prevented. 

As shown by Fig. 7, glass cereonic layer 19 including glass 
is laminated onto alumina board 20 as board 13. Bismuth oxide 
diffusing layer 16 is formed at glass ceramic layer 19 by 
diffusing bismuth oxide of varistor layer 12 in glass ceramic 
layer 19. Glass diffusing layer 21 may be formed at alumina 
board 20 by diffusing glass of glass cersunic layer 19 in alumina 
board 20. Thereby, varistor layer 12, glass ceramic layer 19 
and alumina board 20 are made to be difficult to be exfoliated 
from each other. Particularly, since varistor layer 12 is 
brought into contact with glass ceramic layer 19 , in comparison 
with the case that alumina board 20 and varistor layer 12 are 
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brought into contact with each other, an influence of alumina 
board 20 on varistor layer 12 is small so that a deterioration 
in the varistor characteristic can be restrained. 

As shown by Fig. 8, adhesive layer 18 may be provided 
between glass ceramic layer 19 and alumina board 20 and glass 
may be diffused in alumina board 20 by way of adhesive layer 
18. In this case, in sintering varistor layer 12 and board 
13, glass is diffused in alumina board 20 by way of adhesive 
layer 18. After sintering is finished, adhesive layer 18 
becomes any one of the following three. First, adhesive layer 

18 is completely vanished, second, a portion of a component 
thereof remains as adhesive layer 18, and third, a portion of 
a component thereof is diffused in varistor layer 12 or alumina 
board 20. Thereby, when glass is diffused from glass ceramic 
layer 19 to alumina board 20, glass is diffused in a state that 
exfoliation of glass ceramic layer 19 and alumina board 20 is 
restrained. In this way, glass is made to be easy to diffuse 
and glass diffusing layer 21 is formed precisely at alumina 
board 20 and therefore, exfoliation of glass ceramic layer 19 
and alumina board 20 can be prevented. Glass ceramic layer 

19 including glass may be laminated on an upper face of varistor 
layer 12. Thereby, bismuth oxide of varistor layer 12 is 
restrained from being diffused from a surface of varistor layer 
12 into air, bismuth oxide is made to be easy to be diffused 
in board 13 and therefore, exfoliation of varistor layer 12 
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and board 13 is made to be easy to be prevented. 

Such a component may be formed with an electronic circuit 
including other resistor, coil, capacitor or the like. For 
example, a circuit board formed with an electronic component 
circuit may be used as the board of the invention, or a circuit 
layer formed with an electronic component circuit may be 
laminated on a face of board 13 opposed to a side on which 
laminating varistor layer 12 is leiminated. When an electronic 
component circuit is formed by a thin film formation or the 
like, thin- sized formation can be achieved. In this way, a 
static electricity countermeasure component of a thin size can 
be realized by applying the invention to various electronic 
apparatus or the like. 
[INDUSTRIAL APPLICABILITY] 

As described above, the component of the invention can 
achieve a thin- sized formation while maintaining the varistor 
characteristic against a small surge voltage and therefore, 
the component is applicable to various electronic apparatus 
or the like. 
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